Strabismus is one of the commonly encountered disease entities in the ophthalmology outpatient department. The prevalence of this disease ranges from 0.5% to 5%.\[[@ref1]\] Strabismus is not just a cosmetic blemish but has also a myriad of effects of its own such as disruption of binocular vision and stereopsis apart from causing a negative impact on the patient\'s self-esteem and interpersonal relationships. With advances in the knowledge base, the goal of present-day strabismologist is not just restoring the ocular alignment but also restoring the ultimate goal "stereopsis." This review highlights the recent advances in the field of strabismus as well as newer treatment modalities.

Etiology {#sec1-1}
========

Our understanding regarding the etiopathogenesis of strabismus is continually being revised. Various theories have been proposed in the past to explain this intriguing disease ranging from muscular theories supported by Scobee\[[@ref2]\] to the classic reflexogenic theories. Chavasse had proposed that an abnormal visual input may impede binocular fusion development leading to strabismus. Recent advances in imaging techniques and advances in the field of genetics have remarkably changed the recent-day understanding. The advent of high-resolution magnetic resonance imaging (MRI) has led to the discovery of extraocular muscle pulleys which are the condensation of the connective tissue of the posterior Tenon\'s fascia. These help in maintaining the paths of the extraocular muscles. Pulley heterotropia or abnormalities can lead to the development of strabismus. Instability of the rectus pulleys has been shown to be associated with incomitant strabismus.\[[@ref3]\] Based on MRI, Yokoyama procedure\[[@ref4]\] for correcting highly myopic strabismus has been devised. An inferior displacement of the lateral rectus pulley has been implicated in heavy eye syndrome\[[@ref4]\] as well as sagging eye syndrome.\[[@ref5]\] A recent study has shown that rectus pulley displacements can create the clinical picture of superior oblique palsy.\[[@ref6]\] Congenital cranial dysinnervation disorders (CCDDs) are secondary to some neurologic pathology of congenital origin. These have a wide spectrum of phenotypic presentation. This wide spectrum results due to either primary or secondary dysinnervation. The concept of CCDD was proposed in 2002.\[[@ref7]\] Recent studies have supported this concept and the focus is now on identifying the genes that cause CCDDs. In a study done at our center to study high-resolution MRI of intracranial parts of sixth nerve and the extraocular muscles in orbit in patients of CCDD, we found the absence or hypoplasia of sixth nerve in Duane retraction syndrome (DRS), anomalous course, sixth nerve absence/hypoplasia in eyes of Mobius syndrome along with the absence of seventh nerve in patients of Mobius syndrome \[[Fig. 1](#F1){ref-type="fig"}\]. A significant hypoplasia of lateral rectus was also found in these patients.

![High-resolution magnetic resonance imaging images showing (a) absence of left seventh nerve (b) bilateral sixth nerve hypoplasia in Mobius syndrome](IJO-65-184-g001){#F1}

Genetic basis of strabismus is also being explored. A recent study by Altick *et al*.\[[@ref8]\] has shown through microarray analysis that the gene expression in the extraocular muscles of the strabismic and the nonstrabismic individuals. They found that 25% of the muscle-specific genes were downregulated in the extraocular muscles of strabismic patients. Another study from Japan has been done to localize the chromosomal susceptibility loci for comitant strabismus.\[[@ref9]\] They found multiple susceptibility loci for comitant strabismus. Chromosome 8q\[[@ref10]\] has been shown to be associated with DRS. Chan *et al*.\[[@ref11]\] found CHN1 mutations in two families with this disease. Several other CCDDs have similarly been identified with genetic anomalies.

Amblyopia Management {#sec1-2}
====================

Amblyopia is one of the treatable causes of vision loss in children. Early diagnosis of this condition through visual screening can lead to better treatment outcomes. The conventional treatment method involves the occlusion of the better eye. However, the method of occlusion has its very own imperfections. The conventional form of patching has been associated with low compliance, and it averages below 50% according to a recent study.\[[@ref12]\] It is also associated with social stigma and may lead to stress and anxiety. Recent researches focus on newer treatment modalities to address the issue of low compliance. New liquid crystal display (LCD) occlusion glasses have been developed for amblyopia treatment. These function by alternating one lens from opaque to transparent at an interval of 30 s, thereby simulating intermittent occlusion. These glasses can achieve occlusion without being a cosmetic blemish. A study comparing LCD glasses with conventional patching has found the glasses to be an effective alternative.\[[@ref13]\] However, they do suffer from the same disadvantage of the spectacle mounted occlusions which can be easily "peeked off" by the children.

Dichoptic training has been shown to actuate a higher level of plasticity than the use of occlusion alone.\[[@ref14]\] Birch *et al*.\[[@ref15]\] compared the dichoptic iPad gameplay with sham iPad gameplay in amblyopia treatment and found that the group given amblyopia treatment in the form of dichoptic iPad games had significant visual gain 3 months posttreatment. Binocular iPad treatment has been to be effective in another as well.\[[@ref16]\] A shift from Eye-pads to I-pads!

Enhancement of cortical plasticity is one of the most important issues to be addressed in amblyopia treatment. Fluoxetine has been shown to reactivate cortical plasticity in amblyopic rats.\[[@ref17]\] Levodopa has been shown to be efficacious in amblyopia along with occlusion by us\[[@ref18]\] and several others and now documented through functional MRI studies.\[[@ref19]\] Besides this, citicoline\[[@ref20]\] has also been shown to be of benefit when used along with occlusion therapy.

Imaging in Strabismus {#sec1-3}
=====================

Imaging techniques have not only changed the current understanding of strabismus etiology but also aided in the planning of the surgery. Anterior chamber optical coherence tomography has been shown to be effective in detecting muscle insertions in previously operated as well as new strabismus cases.\[[@ref21][@ref22]\] Ultrasonic biomicroscopy has been used for the same purpose.\[[@ref23]\] These investigative modalities provide a noninvasive modality to estimate the muscle insertions and are better over previously used conventional modalities such as computed tomography (CT) scan as there is no radiation exposure. Furthermore, they also prove to be more cost-effective as compared to CT and MRI.

Dynamic MRI\[[@ref24]\] is a yet another imaging modality that can help in surgical planning as it can pick up functional muscle contractility. High-resolution MRI of the orbit can successfully predict to extraocular muscle pulley location and the muscle paths which can aid us in planning the surgery. With the help of this, we described a new condition synergistic innervational downshoot \[[Fig. 2a](#F2){ref-type="fig"}--[c](#F2){ref-type="fig"}\].\[[@ref25]\] Functional MRI and diffusion tensor imaging have been used for the evaluation of brain cluster activation in strabismic amblyopes,\[[@ref26]\] and it has shown that the improvement in visual acuity postocclusion therapy correlates with the hemodynamic activity.

![A new condition "synergistic innervational downshoot" diagnosed with the help of dynamic magnetic resonance imaging (a) magnetic resonance imaging orbit showing contraction of both right eye and left eye lateral rectus (increase in cross-section of muscle) on dextrogaze and contraction of right eye inferior rectus and left eye lateral rectus on levogaze, (b) preoperative nine gaze clinical photograph, (c) postoperative nine gaze clinical photograph](IJO-65-184-g002){#F2}

Stereopsis and Binocular Summation {#sec1-4}
==================================

The ultimate goal for any strabismologist is to achieve a good stereopsis as was highlighted in the Knapp lecture at AAPOS 2016, Vancouver, by Dr. Sharma. The patients of strabismus have a deficit of depth perception, and the binocular summation is also adversely affected. Timely correction of strabismus can lead to better outcomes in terms of stereopsis. The critical period for surgery is 4--6 weeks for congenital cataract, 4--6 weeks for infantile esotropia, and 4--6 weeks for intermittent exotropia. Early assessment of vision has been possible with Teller Acuity Cards \[[Fig. 3](#F3){ref-type="fig"}\].\[[@ref27]\] A horizontal Lang two-pencil test has been shown to an effective screening test for stereopsis and binocularity \[[Fig. 4](#F4){ref-type="fig"}\].\[[@ref28]\] The merit of this test is the advantage of it being a bedside test and it requires least patient cooperation. Nongpiur *et al*.\[[@ref29]\] have evaluated stereoacuity in patients with acquired esotropia. They have found a horizontal deviation up to eight prisms diopter to be compatible with stereopsis.

![Visual assessment using Teller Acuity Cards](IJO-65-184-g003){#F3}

![Horizontal Lang\'s two pencil test "a simple yet sensitive tool for the assessment of stereopsis"](IJO-65-184-g004){#F4}

Early detection of abnormal stereoacuity and near fusional vergence amplitudes can help decide the proper timing of surgery in intermittent exotropia.\[[@ref30]\] The stereoacuity testing can be used as a predictor of the outcomes of the surgery in case of intermittent exotropia. A study done at our center showed that the distance stereoacuity is reduced to a bigger extent than the near stereoacuity.\[[@ref31]\] A stereoacuity more than 20 s of arc was recommended to be an indication of surgery, whereas a stereoacuity worse than 70 s of arc was associated with poor prognosis \[[Fig. 5](#F5){ref-type="fig"}\]. The binocular summation is defined as the superiority of binocular visual functions over the monocular ones. Improvement of binocular summation is one of the newly discovered functional benefits of the corrective strabismus surgery.\[[@ref32]\]

![Frisby-Davis distance stereoacuity test "an established indicator for the timing of strabismus surgery in intermittent divergent squint"](IJO-65-184-g005){#F5}

Pharmacologic Injection Treatment {#sec1-5}
=================================

Botulinum Type A toxin and bupivacaine injections in extraocular muscles have found their place in the correction of strabismus. Botulinum toxin has been used for treating infantile esotropia and partially accommodative esotropia and also as a temporary measure in paralytic strabismus to prevent secondary muscle contracture. Lueder *et al*.\[[@ref33]\] have evaluated long-term results of botulinum-augmented medial rectus recessions for large-angle infantile esotropia showing successful outcome in 74% cases. Bupivacaine, an amide local anesthetic, has been proved to correct strabismus by increasing the strength of the muscle.\[[@ref34]\] According to a recently published study\[[@ref35]\] reporting the efficacy of injection treatment in horizontal comitant strabismus in adult patients with bupivacaine and botulinum A toxin, the injection treatments result in a stable clinically significant correction and can be a low-cost alternative to the conventional surgery. Although the success rates are inferior as compared to the conventional surgery, the pharmacologic injection treatment appears promising.

Nystagmus {#sec1-6}
=========

The most common types of nystagmus seen in children are infantile nystagmus syndrome, fusional maldevelopment syndrome, and spasmus nutans.\[[@ref36]\] Outcomes in cases of nystagmus has also improved significantly with the augmented Andersons procedure\[[@ref37]\] in shifting the eccentric null to the primary position and also evaluating the auditory biofeedback.\[[@ref38]\] Perceptual learning has been shown to improve visual acuity in children with infantile nystagmus.\[[@ref39]\] A study evaluating four-muscle tenotomy surgery for nystagmus has shown improvement in the visual acuity and decrease in the intensity of nystagmus.\[[@ref40]\] A study by Singh *et al*. has evaluated the retroequatorial recession of horizontal rectus evaluation and Hertle-Dell\'Osso procedure in patients with infantile nystagmus. The authors have demonstrated the improvement in contrast sensitivity and reduction of electronystagmography (ENG) amplitudes in the patients.\[[@ref41]\] Resolution of periodic alternating nystagmus with amantadine has been reported.\[[@ref42]\] A nystagmus-specific quality of life questionnaire has also been developed recently.\[[@ref43]\]

Minimally Invasive Strabismus Surgery {#sec1-7}
=====================================

Minimal invasive approach for strabismus surgery is being explored to decrease tissue trauma and patient discomfort. The conventional limbal-based approach is fraught with increased tissue traumatization and visible postoperative scarring. Fornix-based approach introduces by Parks markedly decreased the postoperative discomfort, and the scar itself was well hidden under the lids. However, this technique does not reduce the area of tissue disruption as compared to the limbal-based approach. Gobin developed a novel procedure to access the rectus muscle using two small openings. The principles of his surgery have become the cornerstone for the minimally invasive strabismus surgery. This surgical technique has been used for various types of strabismus surgeries which include rectus muscle recessions and plications, rectus muscle transpositions, inferior oblique recessions, and rectus muscle posterior fixations.\[[@ref44]\] The disadvantage of this technique is a steeper learning curve and the risk of a conjunctival tear in patients having inelastic conjunctiva. Mini-plication\[[@ref45]\] has been described as a new rectus tightening procedure for treatment of small-angle strabismus. It can be done under topical anesthesia and is useful in adult patients with diplopia. Mini-tenotomy is a similar procedure which can be used as a weakening procedure for similar indications under topical anesthesia.\[[@ref46]\] It is also important to ensure a proper learning of the strabismus procedures by the residents and fellows. The International Council of Ophthalmology\'s-Ophthalmology Surgical Competency Assessment Rubric for Strabismus Surgery\[[@ref47]\] guidelines in this regards serve the purpose of this and have been validated.\[[@ref48]\]

Adjustable Sutures {#sec1-8}
==================

Adjustable sutures are being used to correct the overcorrections and undercorrections in the immediate postoperative period. These sutures come handy to the strabismologist as they give the surgeon an additional chance to increase the overall surgical success rate. Studies have shown better outcomes with adjustable suture surgery than the nonadjustable suture surgery in patients with exotropia.\[[@ref49]\] Another study has shown the adjustable suture surgery to be beneficial in children undergoing reoperation for childhood strabismus.\[[@ref50]\] Single-stage adjustable strabismus surgery is a good alternative for patients with restrictive strabismus.\[[@ref51]\] A study done at our center to evaluate the stability of ocular alignment after single-stage adjustable strabismus surgery performed under topical anesthesia showed better outcomes compared to conventional surgery.\[[@ref52]\] The adjustable procedure has now been incorporated even in the partial vertical rectus transpositioning to improve the outcomes in exotropic DRS and abducens palsy. Cases with near-distance disparity are being tackled more effectively by the resection recession procedures on the same rectus muscle. This was found to be effectively correcting a persistent cyclic esotropia.\[[@ref53]\]

Transposition Surgeries {#sec1-9}
=======================

Surgical management of incomitant strabismus can be a challenge even to the seasoned strabismologists. Transposition procedures involving the normally functioning muscles are a conventional treatment option in such cases. These surgeries can be used in a myriad of disease spectra such as sixth and third nerve palsies, DRS, and monocular elevation deficit. Transposition surgeries commonly used in recent times are vertical recti transpositions (VRT), Knapp\'s procedure, and modified Nishida procedure. To avoid anterior segment ischemia, partial VRT is being preferred rather than using the full muscle tendon. VRT is used for the management of sixth nerve palsy \[[Fig. 6a](#F6){ref-type="fig"}--[c](#F6){ref-type="fig"}\] as well as DRS. VRT surgery with posterior fixation sutures has been shown to be effective in the management of complete sixth nerve palsy and patients of esotropic DRS.\[[@ref54]\] Partial VRT has been shown to improve abduction and binocular single visual field in cases of exotropic Duane syndrome.\[[@ref55]\] Modified Nishida procedure\[[@ref56]\] involves direct suturing of the recti muscles to the sclera without any tenotomy or splitting of muscle. It has proven to be very useful in the treatment of sixth nerve palsy and also missing medial rectus muscles \[[Fig. 7a](#F7){ref-type="fig"}--[c](#F7){ref-type="fig"}\]. Medial transposition of split lateral rectus has also been tried with success in cases of third nerve palsy.\[[@ref57][@ref58]\] Superior rectus transposition has been proven to increase abduction in esotropic DRS\[[@ref59]\] with or without medial rectus recessions.

![Adjustable partial vertical recti transposition in a patient of left lateral rectus palsy (a) preoperative clinical photograph, (b) postoperative clinical photograph, (c) schematic diagram showing the surgical technique](IJO-65-184-g006){#F6}

![Modified Nishida technique in management of absence of medial rectus (a) preoperative clinical photograph, (b) postoperative clinical photograph, (c) schematic diagram showing the surgical technique](IJO-65-184-g007){#F7}

Periosteal Fixation Procedures {#sec1-10}
==============================

However, in cases where anterior segment ischemia is a concern or in cases where the muscles to be transposed are abnormal, the transposition procedures fail to deliver and cannot be used. Periosteal fixation procedures can serve as an important remedy in such cases.\[[@ref60]\] Periosteal fixation procedures involve either fixing the antagonist muscle to the periosteum or by tethering the globe to the periosteum on the side of missing or paralyzed muscle. Precaruncular periosteal approach for medial wall periosteal anchoring of the globe has been found to be a viable option in the management of complete external oculomotor nerve palsy.\[[@ref61]\] Lateral rectus periosteal fixation has been found to be effective to correct exodeviation in cases of exotropic DRS.

Psychosocial Aspect of Strabismus {#sec1-11}
=================================

Physical appearance is an important aspect of the socialization process. Menon *et al*.\[[@ref62]\] have documented the psychosocial difficulties in individuals with strabismus. Another study has detected subnormal health-related quality of life in the parents of children with strabismus.\[[@ref63]\] Strabismus surgery can bring about psychosocial benefits to the affected person.\[[@ref64][@ref65]\] Nelson *et al*.\[[@ref66]\] have found strabismus surgery to have a significant effect on self-esteem and confidence of patients. Another study has found that the strabismus surgery improves health-related quality of life in both affected children as well as their parents.\[[@ref67]\]

Conclusions {#sec1-12}
===========

With ongoing research and improvement in the surgical techniques, we are closer to achieve the ultimate goal of stereopsis for all and that too early in the childhood. The overall outcomes of surgery have improved with the advent of newer surgical techniques, especially being made adjustable. As our understanding of this disease evolves, with newer techniques of imaging, the outcomes of the management are bound to improve. Moreover, the goal is not just 20/20 or 6/3 vision with good near vision J1 in each eye but also good stereopsis and good fusion. We are not just correcting strabismus but also restoring binocular vision and stereopsis!
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